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A new fluorescence in situ hybridization assay based on peptide nucleic acid probes (MTB and NTM probes 
targeting tuberculous and nontuberculous species, respectively) for the identification of Mycobacterium tuber- 
cuhsis complex and differentiation between tuberculous and nontuberculous mycobacteria (NTM) was evalu- . 
ated using Lowenstein-Jensen (U) solid cultures from 100 consecutive sputum sa m P^» a "^»J^J^ , 
bacillus CAFB)-positive sputum samples as well as Mycobacteria Growth Indicator Tube (M GIT) liquid 
cultures from 80 AFB-positive sputum samples. Mycobacterium species could be identified from a total of 53 LJ 
cu urTs ^77 MGITcult«res P The diagnostic specificities of the MTB and NTM probes were 100% for both 
cultures. The diagnostic sensitivities of the MTB probe for the U and MGIT cultures were 98 and J>9%, 
™tively, wherLs the sensitivities of the NTM probe were 57 and 100%, respectively The 
sensitivity of the NTM probe was due to a high proportion of M.fortuitum, which is not identified by the probe. 



The definitive diagnosis of tuberculosis depends on the iso- 
lation and identification of species of the Mycobacterium tuber- 
culosis complex (MTBC). The conventional microscopic exam- 
ination of acid-fast bacillus (AFB) staining, culturing on solid 
medium, and a series of biochemical tests are still the methods 
of choice in most mycobacteriological laboratories. In order to 
reduce the time needed for and improve the sensitivity and 
specificity of identification methods, a combination of liquid 
media and DNA probe-based identification methods has been 
recommended (19, 31), and alternative identification methods 
have been or are in the process of being developed. 

One of the new liquid medium-based tests is the nonradio- 
metric Mycobacteria Growth Indicator Tube (MGIT; BBL Mi- 
crobiology Systems, Cockeysville, Md.), which is based on ox- 
ygen-quenching fluorescent sensor technology that can shorten 
the recovery time for mycobacteria to as little as 1 to 2 weeks 
(14, 23). Among the new identification methods are high-per- 
formance liquid chromatography (3, 4), DNA sequencing (8, 
16, 24, 28), PCR amplification of species-specific sequences (6, 
21), amplification and restriction enzyme analysis (2, 17, 25, 29, 
30), and hybridization with species-specific DNA probes (1, 
5,12, 25). 

Recently, a novel fluorescence in situ hybridization (FISH) 
test, which uses peptide nucleic acid (PNA) probes for the 
identification of mycobacteria from cultures, has been devel- 
oped (27) and evaluated for use with MB/BacT (Organon 
Teknika, Durham, N.C.) and BACTEC 12B (BBL Microbiol- 
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ogy Systems) cultures (7, 22). Further, the applicability of the 
method for direct use with sputum samples has been evaluated 
(26). PNA is a novel DNA mimic in which the sugar-phosphate 
backbone of DNA has been replaced with a polyamide back- 
bone (9, 10, 20). The uncharged nature and the high confor- 
mational flexibility of PNA allow PNA probes to hybridize to 
DNA or RNA with excellent affinity and specificity (11). The 
aim of this study was to evaluate the DAKO Probe MTB 
Culture Confirmation Test (DAKO, Glostrup, Denmark) for 
the identification of species of MTBC and differentiation be- 
tween tuberculous and nontuberculous mycobacteria (NTM). 
The PNA probe test, which utilizes two fluorescein-labeled 
PNA probes, the MTB probe targeting MTBC species and the 
NTM probe targeting NTM species, was evaluated with Lo- 
wenstein-Jensen (LJ; Difco, Detroit, Mich.) and MGIT cul- 
tures from sputum specimens. 



MATERIALS AND METHODS 

Mycobacterium reference strains. The Mycobacterium reference strains M. tu- 
berculosis H37Rv, M. tuberculosis H37Ra, M. bovis BCG ATCC 35734, M. avium 
ATCC 25291, M. intracellulars ATCC 13950, M. scrofulaceum ATCC 19981, M. 
gordonac ATCC 14470, M. kansasii ATCC 12478, M. xenopi ATCC 19250, M. 
forluitum ATCC 6841, and M. chelonae ATCC 35752 were grown on U medium 
and tested. 

Contaminating bacteria. Ten isolates of bacteria isolated from mycobacterial 
cultures as contaminants were grown on blood agar media. The bacteria were 
identified as belonging to the genus Pseudomonas, Staphylococcus, or Streptococ- 
cus. 

Clinical specimens. A total of 100 consecutive sputum samples and 50 AFB- 
positive sputum samples were included in the study with U cultures; from these 
cultures, 53 Mycobacterium strains could be identified. A total of 80 AFB-positive 
sputum samples were included in the study with MGIT cultures; 77 Mycobacte- 
num strains were identified. The U and MGIT studies were conducted sepa- 
rately using different specimens. 
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Specimen processing. The sputum specimens were digested and decontami- 
„a ed by the^cetyl- L %teine( N AIX)-NaOH 

modification: the final concentrations of NaOH were 1.25 and 2.0% for the LJ 
cultures and the MGIT cultures, respectively. For both cultures, an amount of 
HC1 equimolar to that of NaOH was added after 15 min of incubation in order 
to neutralize the NaOH. The digested specimens were inoculated onto the U 
and MGIT media as recommended by the manufacturers. Contamination rates 
for U and MGIT cultures were 20 and 5%, respectively. 

PNA probes. The DAKO Probe MTB Culture Confirmation Test conta.ns two 
fluorescein-labeled PNA probes, an MTB probe targeting MTBCj species and an 
NTM probe targeting the majority of the clinically relevant NTM spec.es. Both 
probes target mycobacterial rRNA molecules (27). AA -„*m 

Smear preparation. For U cultures, a loop of colonies was suspended in 500 
Hi of phosphate-buffered saline, and 25 ul of the suspension was added to each 
weU of a two-well slide. The smear was air dried, flame fixed, and heated at 80 C 

t0 At the time of detection of mycobacterial growth in the MGIT cultures, the 
MGIT tubes were vortexed for 10 to 15 s, and 4 ml of the cultures was centn- 
fuged for 15 min at 3,000 X g. The supernatant was removed, the sediment was 
Suspended in 200 u.1 of phosphate-buffered saline, and 25 ul of the suspension 
was added to each well of a two-well slide. The smear was air dried, flame fixed, 
and heated at 80°C for 2 h. 

FISH. For FISH, smears were hybridized according to the manufacturers, 
instructions. Briefly, prior to hybridization, the sUdes were immersed m 80% 
(vol/vol) ethanol for 15 min and allowed to air dry. One drop, i ,pproximate*25 
ui of the MTB probe was added to one of the smears, and 1 drop of the NTM 
Ibe was added to the other. Coverslipswere added, and the slideswere placed 
. mThumidity chamber and incubated a, 55°C for 1.5 -h, followed by a posthy- 
' bridization wash with prewar'med stringent wash soluoon at 55 C for 30 mm. 
Subsequently, the slides were immersed in distilled water for 30 s and air dried. 
Finally 1 drop of mounting medium was added to each of the two wells, cover- 
slips were added, and the slides were incubated for 30 min at 55 C. 

The hybridized smears were examined by fluorescence microscopy with a Zeiss 
Axiolab fluorescence microscope (Carl Zeiss, Jena, Germany) equipped with a 
5MV mercury light source, a fluorescein isothiocyanate (FITQ-Texas red dou- 
ble filter and a 100X oil immersion objective. Mycobacteria were identified on 
the basis of bright green fluorescence and morphology. The intensity of the 
fluorescence varied, depending on the species, the growth medium, and the age 

° f ?or ~'le to be positive, one of the MTB and the NTM probes must be 
positive and the other must be negative. Double-positive and double-negative 
kmples (positive and negative with both probes, respectively) were couriered 
mconclusive, and the tests were repeated. Double-positive samples may indicate 
double infection and should be confirmed by other methods. Double-negative 
samples were stained by the Kinyoun staining method to determine the presence 
of any AFB on the slides. .. 

Controls. Smears of M. tuberculosis H37Ra or H37Rv and M. kansasu ATCC 
12478 grown on LJ medium were included in every assay as controls. 

Identification of mycobacteria. Niacin strips (Difco) and the AccuProbe MTC 
test (Gen-Probe; San Diego, Calif.) were used for the identification of M. tuber- 
culosis according to the instructions of the manufacturers. The followtng b.o- 
chemical tests were used for species identification of M. fortuitum: atylsulfatase, 
iron uptake, nitrate reduction, sodium chloride tolerance, and urease. 

RESULTS AND DISCUSSION 

The specificities of the MTB and NTM probes were tested 
using selected clinically important Mycobacterium reference 
strains and isolates of Pseudomonas, Streptococcus, and Staph- 
ylococcus species identified as contaminants of mycobacterial 
cultures. The results shown in Table 1 are in agreement with 
the results of previous studies showing excellent specificity of 
the PNA probes (27). The MTB probe did not hybridize to any 
of the NTM species or any of the other bacterial species, and 
the NTM probe did not cross-hybridize to the MTBC species 
or the other bacterial species. Further, the study showed that 
the NTM probe did not hybridize to M. fortuitum. 

The results of the test of the DAKO Probe MTB Culture 
Confirmation Test with samples from U cultures are shown in 
Table 2 Of the 53 AFB-positive cultures, 44 samples were 



TABLE 1. Results of the PNA probe-based FISH assay for 
mycobacterial reference strains and contaminants of 
mycobacterial cultures • 



Result* obtained with: 



Organism 



MTB probe-FITC 



NTM probe-FITC 



M. tuberculosis 
M. bovis 
M. avium 
M. intracellulare 
M. scrofulaceum 
M. gordonae 
M. kansasii 
At chelonae 
M. fortuitum 
M. xenopi 
Pseudomonas spp. 
Streptococcus spp. 
Staphylococcus spp. 



+ 
+ 



+ 
+ 
+ 
+ 
+ 
+ 



• +, positive; -, negative. 

found positive with the MTB probe and negative with the 
NTM probe and were thus identified as MTBC species. Four 
samples were found positive with the NTM probe and negative 
with the MTB probe and were thus identified as NTM species. 
These results were all in agreement with the results obtained 
by the reference methods. Four samples were d&uble negative, 
and the result thus was inconclusive. For one of these samples, 
the AccuProbe MTC test was positive. Subsequent acid-fast 
staining showed that this sample contained only a few acid- 
fast-stain-positive bacteria staining). The remaining 

three samples all contained many acid-fast-stain-positive bac- 
teria and were found negative by both reference methods. 
Subsequent biochemical testing identified the bacteria as Af. 

/( "onnample tested double positive, and the AccuProbe 
MTC test and the niacin strip test results were also positive. 
Interestingly, the morphologies of the bacteria hybridizing with 
the MTB and NTM probes were markedly different: the bac- 
teria positive with the MTB probe showed cord formation, 
whereas the bacteria positive with the NTM probe were inde- 
pendently located and were small. These observations strongly 
indicate the presence of two different species (13, 18). Further- 
more growth on U medium showed a mixture of colonies with 
rough and rather smooth surfaces, respectively, also indicative 
of two different species. Attempts to isolate and identify to the 



TABLE 2 Results for 53 AFB-positive cultures from U medium 
analyzed by the PNA probe-based FISH assay, the niacin strip test, 
and the AccuProbe MTC test 



AccuProbe MTC 
and/or niacin strip 
test result 



No. of positive results 
obtained in the PNA 
probe-based FISH 
assay with the 
following probe: 



No. of cultures 
not identified 
by FISH 



MTB 



NTM 



MTBC 
NTM 



44 
0 



2" 
3" 



' One was double negative; subsequent Kinyoun stainmg revealed si + ^ stain- 
ing lor AFB. One was double positive; the organism morphologies were diuercm. 
» M. fortuitum, which does not hybridize with the NTM probe. 
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TABLE 3. Results for 77 AFB-positive cultures from MGIT 
medium analyzed by the PNA probe-based FISH assay, the niacin 
strip test, and the AccuProbe MTC lest (discrepancy analysis) 

No. of positive 
results obtained in 
the PNA probe- 
based FISH assay 
with the following 
probe: 



AccuProbe MTC 
and/or niacin strip 
test result 



No. of cultures 
not identified 
by FISH 



MTB 



NTM 



MTBC 
NTM 

Not identified 



58 
0 
1" 



1" 
0 
1" 



* Subsequent Kinyoun staining revealed sl+ staining for AFB. 

* Subsequent Kinyoun staining revealed =sl + staining for AFB and bacterial 
contamination. 



species level the mixed colonies did not succeed and revealed 
onlyM. tuberculosis. Because the result was inconclusive, it was 
not included in the calculation of diagnostic sensitivity and 
specificity. 

Of the 77 AFB-positive MGIT cultures, 68 samples tested 
positive with the MTB probe and 5 samples tested positive with 
the NTM probe (Table 3). Neither of the samples showed any 
hybridization with the other probe, and there was full corre- 
spondence with the results of the reference methods. Two 
samples were found double negative with both probes, and 
both had a low content of AFB. One of the samples was found 
positive by both the AccuProbe MTC test and the niacin strip 
test, whereas the other was found negative by both methods. 
The latter sample was contaminated and could not be further 
resolved. 

The last two samples were found positive with the MTB 
probe and the NTM probe, respectively, but negative by both 
reference methods. Due to contamination with other bacteria, 
it was not possible to further resolve these samples. 

The diagnostic sensitivities of the MTB probe were 98% for 
the LI study and 99% for the MGIT study, whereas the diag- 
nostic sensitivities of the NTM probe were 57% for the LI 
study and 100% for the MGIT study. The specificity of both 
probes in both studies was 100%, a result which further sup- 
ports the notion that PNA probes have a very high specificity. 

These data show that the DAKO Probe MTB Culture Con- 
firmation Test is well suited for the identification of MTBC 
and differentiation between tuberculous and nontuberculous 
Mycobacterium species in LI and MGIT cultures. For both 
cultures, the MTB probe had a very high sensitivity. The sen- 
sitivity of the NTM probe was rather low in the LI studies. That 
result was, however, due to a high relative recovery rate for M. 
fortuitum during that period of testing. 

The DAKO Probe MTB Culture Confirmation Test has 
recently been evaluated with smears from other culture media. 
Drobniewski et al. (7) found in a study with a total of 74 
cultures from MB/BacT medium sensitivities for the MTB and 
NTM probes of 100 and 82%, respectively. Both probes had a 
specificity of 100%, and in that study, the PNA test also iden- 
tified a double-positive culture. Padilla et al. (22) evaluated the 
performance of the test with 129 smear-positive clinical spec- 
imens grown with BACTEC 12B as well as with MB/BacT. The 
sensitivities of the MTB probe were 88 and 100% for smears 



from BACTEC 12B and MB/BacT cultures, respectively, 
whereas the sensitivity of the NTM probe wa"s 94% for smears 
from both cultures. Again, the specificity of both probes was 
100%. 

The sensitivity of the MTB probe obtained in our study 
compares well with that found in the other evaluations. The 
only sensitivity below 95% was found for cultures from the 
BACTEC 12B medium (22). This result may be related to the 
amount of bacteria present at the time of detection, which is 
substantially larger in a positive MB/BacT bottle than in pos- 
itive BACTEC 12B and MGIT bottles. In the studies of Drob- 
niewski et al. (7) and Padilla et al. (22), 1 ml of culture was 
used for sample processing. In preliminary investigations with 
1-ml samples from MGIT cultures, we found a sensitivity be- 
low 95% (data not shown); this result led to an increase of the 
sample volume to 4 ml, which was used throughout this study. 
The increase in sample volume from 1 to 4 ml did not have any 
drawbacks. 

In general, the sensitivity of, the NTM probe is below 100%. 
This result is due to the fact that the NTM probe does not 
target all NTM species as, for example, M. fortuitum, as seen in 
this study. Other NTM species that are not targeted by the 
NTM probe are M. flavescens, M. marinum,, M. peregrinum, M. 
vaccae, and M. xenopi (22, 27). If the species that are not 
targeted by the NTM probe are excluded from the calculations, 
the sensitivities of the NTM probe increase to 100% in our . 
evaluation and to 96 and 100% in the studies of Drobniewski 
et al. (7) and Padilla et al. (22), respectively. . . 

The DAKO Probe MTB Culture Confirmation Test is 
simple and easy to perform and requires Only an incubator 
and a fluorescence microscope, which needs to be equipped 
with an FITC-Texas red double filter. A standard FITC filter 
cannot be used, as the autofluorescence of the mycobacteria 
makes it impossible to distinguish a positive result from a 
negative result. Unlike other molecular methods, the test 
has the advantage of allowing morphology to be used as an 
additional confirmation tool. Furthermore, as both an MTB 
probe and an NTM probe are used in the same test, the test 
provides an internal control and allows for the detection of 
mixed cultures of MTBC and NTM, as seen in this study and 
in the study of Drobniewski et al. (7). Moreover, the DAKO 
Probe MTB Culture Confirmation Test is superior to the 
niacin test for the detection of contaminated cultures. One 
disadvantage of the test is that the number of organisms 
needed for a positive result is relatively high. Furthermore, 
as mentioned above, the NTM probe does not target all 
clinically relevant Mycobacterium species; this fact may 
prove to be a problem in regions where one or more of these 
species are highly prevalent. 

In conclusion, this new molecular technology based on PNA 
probes is simple, rapid, and well suited to the identification of 
MTBC and differentiation between MTBC and NTM and is 
easily adaptable to any mycobacterial laboratory. For the fu- 
ture, it would be interesting to have additional species-specific 
probes for the clinically important NTM species, such as M. 
avium, M. intracellulare, M. kansasii, and M. xenopi. Moreover, 
adaptation of the test to direct identification of Mycobacterium 
species in sputum specimens could prove highly valuable. 



Vol. 39, 2001 



PNA-BASED FISH ASSAY FOR TB CULTURE CONFIRMATION 1035 



ACKNOWLEDGMENTS 

We thank DAKO A/S for providing the PNA probes and for support 
of this study. 

The excellent technical assistance of Nujohn Chunsong is greatly 
appreciated. 

REFERENCES 

1. Alcaide, F, M. A. Benitez, J. M. Escriba, and R. Martin. 2000. Evaluation of 
the BACTEC MGIT 960 and the MB/BacT systems for recovery of myco- 
bacteria from clinical specimens and for species identification by DNA Ac- 
cuProbe. J. Clin. Microbiol. 38:398-401. 

2. Avaniss-Aghajani, E, K. Jones, A. Holtzman, T. Aronson, N. Glover, M. 
Boian, S. Froman, and C. F. Brunk. 1996. Molecular technique for rapid 
identification of mycobacteria. J. Clin. MicrobioL 34:98-102. 

3. Butler, W. R, K. C. Jost, and J. O. Kilburn. 1991. Identification of myco- " 
bacteria by high-performance liquid chromatography. J. Clin. Microbiol. 
29:2468-2472. 

4. Butler, W. R, and J. O. Kilburn. 1988. Identification of major slow-growing 
pathogenic mycobacteria and Mycobacterium gordonac by high-performance 
liquid chromatography of their mycolic acids. S. Clin. Microbiol. 2(fc50-53. 

5. De Beenhouwer, H, Z. Liang, P. de Rgk, C. Van Eekeren, and F. Portaels. 

1995. Detection and identification of mycobacteria by DNA amplification 
and oligonucleotide-specific capture plate hybridization. J. Clin. Microbiol. 
33:2994-2998. 

6. Devaliois, A, M. Picardeau, K. S. Gob, C Sola, V. Vincent, and N. Rastogi. 

1996. Comparative evaluation of PCR and commercial DNA probe for 
detection arid identification to species level of Mycobacterium avium and 
Mycobacterium intraceBulare. J. Clin. Microbiol. 34:2756-2759. 

7; Drobniewski, F. A, P. G. More, and G. S. Harris. 2000. Differentiation of 
Mycobacterium tuberculosis complex and nontuberculous mycobacterial liq- 
uid cultures by using peptide nucleic acid-fluorescence in situ hybridization 
probes. J. Clin. Microbiol. 38:444-447. " 

8. Edwards, U, T. Rogall, H. - Blocker, M. Erode, and E. C. Boltger. 1989. 
Isolation and direct sequencing of entire genes. Characterization of a gene 
coding for 16S ribosomal RNA. Nucleic Acids Res. 17:7843-7853. 

9. Egholro, M, O. Buchardt, P. E. Nielsen, and R. H. Berg. 1992. Peptide 
nucleic acids (PNA). Oligonucleotide analogs with an achiral peptide back- 
bone. J. Am.' Chem: Soc. 114:1895-1897. 

10. Egholm, M, P. E. Nielsen, O. Buchardt, and R. H. Berg. 1992. Recognition 
of guanine and adenine in DNA by cytosine and thymine containing peptide 
nucleic acids (PNA). J. Am. Chem. Soc. 114:9677-9678. 

11. Egholm, M, O. Buchardt, L. Christensen, et al. 1993. PNA hybridizes to 
complementary oligonucleotides obeying the Watson-Crick hydrogen-bond- 
ing rules. Nature 365:566-568. 

12. Glennon, M, M. G. Cormican, U. Ni Riain, M. Heiginbothom, F. Gannon, 
and T. Smith. 1996. A Mycobacterium mo&noense-specific DNA probe from 
the 16S/23S rRNA intergenic spacer region. MoL Cell. Probes 10:337-345. 

13. Gonzalez, J, G. Tudo, J. Gomez, A. Garcia, M. Navarro, and M. T. Jimenez. 
1998. Use of microscopic morphology in smears prepared from radiometric 
cultures for presumptive identification of Mycobacterium tuberculosis com- 
plex, Mycobacterium avium complex, Mycobacterium kansasii, and Mycobac- 
terium xenopi. Eur. J. Clin. Microbiol. Infect. Dis. 17:493-500. 

14. Hanna, B. A, A. Ebrahimzade, L. B. Ellott, M. A Morgan, S. M. Novak, S. 
Rusch-Gerdes, M. Acio, D. F. Dunbar, T. M. Holmes, C. H. Rexer, C. 
Savthyakumar, and A. M. Vannier. 1999. Multicenter evaluation of the 
BACTEC MGIT 960 system for recovery of mycobacteria. J. Clin. MicrobioL 
37:748-752. 

15. Kent, P. T, and G. P. Kubica. 1985. Public health mycobacteriology: a guide 
for the level HI laboratory. Centers for Disease Control, Atlanta, Ga. 

16. Kirschner, P, B. Springer, U. Vogel, A Meier, A Wrede, M. Kiekenbeck, 



F. C. Bange, and E. C. Bottger. 1993. Genotypic identification of mycobac- 
teria by nucleic acid sequence determination: report of a 2-year experience 
in a clinical laboratory. J. Clin. Microbiol. 31:2882-2889. 

17. Lappayawichit, P., S. Rienthong, D. Rienthong, C. Chuchottaworn, A 
Chaiprasert, W. Panbangred, H. Saringcarinkul, and P. Palittapongarnpim. 
1996. Differentiation of Mycobacterium species by restriction enzyme anal- 
ysis of amplified 16S-23S ribosomal DNA spacer sequences. Tuber. Lung 
Dis. 77:257-263. 

18. McCarter, Y. S, I. N. Ratkiewicz, and A Robinson. 1998. Cord formation in 
BACTEC medium is a reliable, rapid method for presumptive identification 
of Mycobacterium tuberculosis complex. J. Clin. Microbiol. 36:2769-2771. 

19. Metchock, B, F. S. Nolte, and R. J. Wallace, Jr. 1999. Mycobacterium, p. 
399_437. I„ p. R. Murray, E. J. Baron, M A Pfaller, F. C. Tenover, and 
R. H. Yolken (ed.), Manual of clinical microbiology, 7th ed. ASM Press, 
Washington, D.C. 

20. Nielsen, P. E, M. Egholm, R. H. Berg, and O. Buchardt. 1991. Sequence- 
selective recognition of DNA by strand displacement with a thymine-substi- 
tuted polyamide. Science 254:1497-1500. 

21. Oggioni, R. M, L. Fattorini, B. Li, A De Milito, M. Zazzi, G. Pozzi, G. 
Orefici, and P. E. Valensin. 1995. Identification of Mycobacterium tubercu- 
losis complex, Mycobacterium avium and Mycobacterium intracellular!! by 
selective nested polymerase chain reaction. Mol. Cell. Probes 9:321-326. 

22. Padilla, E, J. M. Manterola, O. F. Rasmnssen, J. Lonca, J. Dominguez, L. 
Mutas, A Hernandez, and V. Ausina. 2000. Evaluation of a fluorescence 
hybridization assay using peptide nucleic acid probes for identification and 
differentiation of tuberculous and non-tuberculous mycobacteria in liquid 
cultures. Eur. I. Clin. Microbiol. Infect. Dis. 19:140-145. ■ 

23. Pfyffer, G. E, H. M. Wdscher, P. Kissling, C. Cieslak, M. J. Casal, J. 
Gutierrez, and S. Rusch-Gerdes. 1997. Comparison of the Mycobacteria 
Growth Indicator Tube (MGIT) with radiometric and solid culture for re- 
covery of acid-fast bacilli. J. Clin. Microbiol. 35:364-368,. i 

24. Rogall, T, T. Flohr, and E. Bottger. 1990. Differentiation o£ mycobacterial 
species by direct sequencing of amplified DNA. J. Gen. MicrobioL 136:1915— 
1920. ... 

25. Sansila, A, P. Hongraanee, C Chuchottawor%.S. Rienthong, D. Rienthong, 
and P. Palittapongarnpim. 1998. Differentiation between Mycobacterium 
tuberculosis and^Mycobacterium avium by amplification of the 16S-23S ribo- 
somal DNA spacer. J. Clin. Microbiol. 36:2399-2403. 

26. Stender, H, T. A Mollerup, K. Lund, K. H. Petersen, P. Hongraanee, and 
S. E. Godtfredsen. 1999. Direct detection and identification of Mycbbacte- 

- rium tuberculosis in smear-positive sputum samples by fluorescence in situ 
hybridization (FISH) using peptide nucleic acid (PNA) probes. Int. J. Tu- 
berc. Lung Dis. 3:830-837. 

27. Stender, H, K. Lund, K. H. Petersen, O. F. Rosmussen, P. Hongmanee,'H. 
Miomer, and S. E. Godtfredsen. 1999. Fluorescence in situ hybridization 
assay using peptide nucleic acid probes for differentiation between tubercu- 
lous and nontuberculous mycobacterium species in smears of mycobacterium 
culture. J. Clin. Microbiol. 37:2760-2765. 

28. Swanson, D. S, X. Pan, and J. M. Musser. 1996. Identification and subspe- 
cific differentiation of Mycobacterium scrofulaceum by automated sequencing 
of a region of the gene (hsp65) encoding a 65-kilodalton heat shock protein. 
J. Clin. Microbiol. 34:3151-3159. 

29. Taylor, T. B, C. Patterson, Y. Hale, and W. W. Safranek. 1997. Routine use 
of PCR-restriction fragment length polymorphism analysis for identification 
of mycobacteria growing in liquid media. J. Clin. Microbiol. 35:79-85. 

30. Teienti, A, F. Marchesi, M. Balz, F. Bally, E. C. Bottger, and T. Bodmer. 
1993. Rapid identification of mycobacteria to the species level by polymerase 
chain reaction and restriction enzyme analysis. J. Clin. Microbiol. 31:175- 
178. 

31. Tenover, F. C, J. T. Crawford, R. E. Huebner, L. J. Ccitcr, C. R. J. R. 
Horsburgh, and R. C. Good. 1993. The resurgence of tuberculosis: is your 
laboratory ready? J. Clin. Microbiol. 31:767-770. 



